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Abstract 
There are many ways to develop building group performance that considering environment. Solar Envelope is just 
one way. This study tries to develop a building mass with solar envelope model to find the relationship of latitude, 
period of time in a year, size site, proportions, orientation and form of the condition of site banks in dense area of 
Bandung City, Indonesia. The maximum buildable volume of the building defined by Solar Envelope to ensure that 
there is not shading in adjacent site, thereby assuring the availability of solar energy to those sites. After the building 
mass was developed, the ENVI-Met simulation is used to calculate the microclimate between the building mass in the 
site, which affect thermal comfort that have to be considered in the outside of building. ENVI-met calculate 
microclimate from building mass, particularly shape, size and orientation to know the thermal comfort, wind speed 
and radiation between the buildings. The study concluded solar envelope is possible to be used as a guideline of 
building form and mass to get optimum solar energy in the site, but it has to be considered to developed building 
mass in tropical regions such as Bandung, Indonesia, which daylight almost available in a year, Thermal Comfort 
between building masses is still difficult to achieve. Solar Envelope can be used effectively to access the sun for open 
space among the buildings but it is difficult to be used to achieve thermal comfort.  
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1. Introduction  
Various studies of a building model which is an environmental approach have been done, and solar 
envelope is one of the strategies to design building group with the limits of scale that extends beyond a 
single building up into groups (clusters), block, town or big city.  
Solar Envelope is used in dense area of Bandung, Indonesia, to ensure access to the sun for building, 
street, and open space. Variety of the solar envelope is developed based on site size, orientation, and 
latitude, the times of day solar access, and the amount of allowable shading on adjacent street and 
buildings are desired. In the previous study, solar envelope strategy could contribute to urban form 
control, especially in plot ratio and site coverage [1]. Solar envelope will be used as the passive design 
approach, seeks to provide an alternative model of building mass with passive design approach based on 
the concept of compact built form, which are:  maximize the density to make infrastructure more efficient 
and to generate urban open space in an attempt to provide daylight, improve the quality of air and ambient 
temperature. This building group model was combined with passive design for tropical zone, which has 
periods of overheating during 8am-4pm and undesirable solar gain in the peak 11am-2pm; optimum 
building forms for preferred length of the sides of the building, where the sides are of length, x:y, are 1:3 
and orientation to solar angles about an axis 5º north of east for building main orientation [2],[3],[4].  
The main topic of the paper, distinct into 2 parts; (1) Site massing, uses solar envelopes to determine 
plot ratio and site coverage, relative to solar geometry and occupancy patterns; (2) Thermal Comfort, and 
how thermal comfort can be achieved through this model. 
 
2. Study Case and Solar Envelope for Passive Design 
The building group model was developed to answer the need of vertical settlement in Bandung, which 
is a capital of West Java Province, latitude: -6,9º and longitude: 107,6º. Area of Bandung is 167.3km2 
with 2,329,929 inhabitants; the population density is 13,679 person/km2. Overcrowd area with 
inappropriate physical condition, in their size, shape, scale, density, land use, open space and lack of 
infrastructure facilities are easy to find in the pocket of a central business district. Therefore, it needs to 
assess the physical environmental quality to set the priority of land consolidation. This assessment is 
based on standard of Indonesian Ministry of Public Housing [5], which the summary is shown as table 1 
below:  
 
Table 1. The Summary of Guidelines for Identification of Slum Settlement Area in Metropolitan City. 
 
No Typology Characteristic 
1 High 
Settlement area with water service less than 30%, condition of outer main of sewage and drainage less 
than 30%, the breakage of neighborhood street and connection more than 70%. Building density more 
than 100 unit/ha, the distance between buildings less than 1m, Building Coverage (BC) more than 70% 
without open space in the neighborhood. The growth of building construction in a high rate. 
2 Medium 
Settlement area with water service between 30-60%, condition of outer main of sewage and drainage 30-
60%, the breakage of neighborhood street and connection are 50-70%. Building density between 80-100 
unit/ha, the distance between buildings is 1.5-3 meter, Building Coverage (BC) 50-70%.  The growth of 
building construction in a medium rate. 
3 Low 
Settlement area with water service more than 60%, condition of outer main of sewage and drainage more 
than 60%, the breakage of neighborhood street and connection are less than 50%. Building density less 
than 80 units/ha, the distance between buildings are more than 3 meter, Building Coverage (BC) less than 
50%. The growth of building construction in a low rate. 
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The site is located in Kelurahan Tamansari, Bandung which is the priority of government to remove 
the dense area becomes a compact urban structure by equip a vertical affordable Apartment. The previous 
result of Solar Envelope is shown in fig.1. 
 
 
 
2.1. Passive Design Strategies in Hot Humid  
Passive design for tropical zone; (1) the periods of overheating happen during 8am-4pm and 
undesirable solar gain in the peak 11am-2pm, that is why it needs both vertical and horizontal shadings 
throughout the year (2) Wind is beneficial for most of the year and as much ventilation as possible is 
desired, with the wind direction is from southeast to southwest (3) optimum building form for preferred 
length of the sides of the building, where the sides are of length x:y, are 1:3 (4) Orientation to solar angles 
on an axis 5º north of east for building main orientation (5) For building arrangement, the cores are 
located on the east and west sides of the building form to help shading the building from the low angles of 
the sun during the major part of the day. 
2.2. Applicability of Solar Envelope 
Based on the overcrowd assessment above, Tamansari is one of overcrowd villages in Cibeunying; it 
gets the priority of handling since it is classified as high typology of dense area and situated in downtown. 
Site massing which is built as the respond of Solar Envelope is derived from the theory of GZ Brown, 
2001; the architectural design of strategies is responsive to the climate that could wrap through the 
creation of the solar envelope. Solar envelope is a strategy to design building group with the limits 
of scale that extends beyond a single building up into groups (clusters), block, town or big city. A perfect 
solar envelope could be obtained by considering the variables that affect to the configuration pack, which 
is latitude, relationship of period, size site, proportions, orientation and form of the condition of site 
banks.  
Solar chart of 6º South Latitude, shown in table 2, is used to determine position and angle of sun, also 
the period of shadows. Based on the previous study, it is shown that the height of the envelope is defined 
Fig. 1.  (a) Site Plan for Apartment in Kp. Tamansari, Bandung; (b) Model of Solar Envelope 
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by the angle light of obstruction and the long of time period of shadow; the higher of angle of light 
obstruction which causes the least of a time period of shadow, the higher solar envelope is, but the steeper 
it is [5]. 
 
Angle of Light Obstruction = 40  
Direc
- tion 
Shadow  
( ) 
AZIMUTH 
( ) 
ALTITUDE 
( ) 
TIME 
(GMT+7)  
22 
June 
22 
Dec 
22 
June 
22 
Dec 
22 
June 
22 
Dec` 
22 
June 
22 
Dec 
A 3 71 53 112 41 15 9.30 7.30 
C 34 22 304 247 34 36 15.25 15.30 
B 84 38 66 113 7 37 07.00 8.26 
D 12 69 306 250 38.5 18 15.20 17.20 
 
3. Building Mass and Form  
In order to determine building mass and form parameters, there are two variables [6]: control or 
dependent variables and independent variables. 
3.1. The Parameter of Building Model 
The parameter of building model is determined, as shown in table 3.  
 
 
 
No Parameter Dependent variable Independent variable 
1. Solar envelope  
the edge of 
building mass and 
form 
- Longitude: 107.6ºand Latitude: -6.9º 
- The edge of site 
- Angle light of obstruction for tropic = 40º 
- Dec 22nd for the north ridge 
- June 22nd for the south ridge  
- Azimuth  
- Altitude  
 
2.  Building module - x:y = 1:3 
- Unit for resident in 3m module  
- Orientation 
- Building width and length  
3.  Site layout - Highest altitude ( ) 
- h = tangent   
- building height 
- building distance 
4. Site coverage - building module in a site - Open space 
5. Floor area ratio - site space/area
- building module 
- building density  
 
 
The parameters are used as a guideline to arrange building mass and form in site and then to give some 
possibilities of layout, which is significantly differentiated on the orientation of the building. The result of 
model of building block is shown in Fig.2. 
 
 
 
 
Table 3. Parametric Analysis  
nd and June 22nd for the 
highest and lowest declination of sun  
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3.2. Finding from Modeling  
Table 4 showed the result from calculating and modeling of solar envelope 
 
 
 
From parametric assessment, the correlation between Building Coverage (BC) and Floor Area Ratio 
(FAR) can be stated as follow:  
BC            = BFA    TFA = 6BFA 
(1) 
TFA / FAR 
BC   = BFA  BC  = 6FAR  (2) 
6BFA/FAR 
   
No Parameter Guideline Finding 
1. Solar envelope  
the edge of 
building mass and 
form 
- 12/22 (am)  the ridge of north-west 
- 12/22 (pm)  the ridge of north-east 
- 06/22 (am)  the ridge of south-west 
- 06/22 (pm)  the ridge of south-east 
- angle light of obstruction (ALO) define the height of 
envelope  the higher angle the lesser time period and 
the steeper of envelope 
2.  Building module - l : w = 1:3 and multiple of 3 meter  - model 1 : E-W orientation produce a longer plan and 
meets the requirement of hot-humid passive design but 
create the steep of urban canyon  
- model 2 : N-S orientation produce a shorter plan but more 
block to put and sloppy urban canyon 
3.  Site layout - highest altitude (  
-  
highest altitude is on 03/22 with º    h = 4.8d 
- both of model 1 and 2 reach the same height  
h max = 36m (12 fl)  d min = 7.5m     
4. Site coverage - building module in a site 
BC = (base floor area/total area)% 
- Model 1 : BC = 21.87%, open space = 78.13% 
- Model 2 : BC = 26%,      open space = 74% 
5. Floor area ratio - FAR = total fl area/total area 
- Unit =36 (m2)  4people 
- Model 1 : FAR = 1.51, density: 188 unit  752 people 
- Model 2 : FAR = 1.56, density: 196 unit  784 people 
Table 4. Finding from Modeling  
Fig. 2 (a) Model 1: 2 building group; (b) Model 2: 3 building group 
where :   BC      = Building Coverage 
 FAR    = Floor Area Ratio  
BFA    = Base Floor Area 
      TFA    = Total Floor Area 
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BC and FAR define that the model can accommodate the physical environment aspect (needs of 
daylight). Solar Envelope does not only answer how to design the building form and mass with desired 
daylight and avoided sunlight but also provides guideline for building mass with proper open space and 
the amenity of settlement. 
 
4. Simulation 
4.1. ENVI-met 
ENVI-met was used to simulate the result of modeling above.  ENVI-MET is a simulation software 
which was used to simulate the interaction of surface-air-plants in a three dimensional model in outdoor 
[7] [8]. A base model was constructed based on the modeling result above. Then, the ambient temperature 
in these scenarios from the base case are recorded and analyzed.  
Typical days on February and October were chosen as a representation of a typical day in Bandung. 
February is rainy season when the temperature is coldest and October represents summer season which is 
the hottest month in a year in Bandung [9]. Basic settings in February employed in this simulation are as 
follows:  (1). Temperature: 297.15 K (24º C); (2). Wind speed: 2.2 m/s (at 10 m aboveground); (3). Wind 
direction: North to East South (4). RH: 77%; (5). Roughness; above 10 m: 0.1; (6). Total Simulation: 12 
hours; (7). Albedo: 90% Pavement for the ground Wall: 0.9 (Concrete), Roof: 0.9 (Concrete).  
Basic settings in October employed in this simulation are as follows: (1). Temperature: 301.15 K (28º 
C); (2). Wind speed: 2.6 m/s (at 10 m aboveground); (3). Wind direction: North to West (4). RH: 80%; 
(5). Roughness; above 10 m: 0.1; (6). Total Simulation: 12 hours; (7). Albedo: 90% Pavement for the 
ground Wall: 0.9 (Concrete), Roof: 0.9 (Concrete). 
 
4.2. PMV (Predicted Mean Voted) 
Among the different assessment methods of thermal comfort in inner spaces, the studies of Fanger [10] 
are now the most suitable for this work, being the source for the International Norm on thermal comfort 
and to the ASHRAE Handbook Fundamentals. Based on both standards, there are two combination 
protection) and environmental parameters (air temperature, radiant temperature, air speed, air humidity) 
[11]. 
Based on subjective criteria, PMV is used to determine the influence of environmental and individual 
parameters (thermal balance between man and environment). See table 5; this model suggests a seven-
point scale, from very cold to very hot, combining individual parameters (metabolism and clothing 
resistance) and environmental parameters (air temperature, air humidity, air temperature and radiant 
temperature). In this study, for thermal acceptability of an environment, the percentage of dissatisfied 
people must determine less than 10% [12]: 
 
 
 
 
 
 
 
 
 Table 5: Psycho-physiological scale of thermal sensation values from ISO 10551-95 
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PMV Thermal sensation 
+3 
+2 
+1 
0 
-1 
-2 
-3 
Hot 
Warm 
Slightly warm 
Neutral 
Slightly cool 
Cool 
Cold 
 
 
The expression of PMV: 
 
PMV = [0,303.exp (-0,036.M) + 0,028] L         (1) 
 
Where: 
 
PMV  = Predicted Mean Vote, or thermal comfort analytical sensation  
M = Metabolic heat production tax (W/m²) 
L = Thermal load actuating over the body (W/m²) 
 
According to the predicted votes, those people that voted +3, +2, -3, and -2 are unsatisfied, and the +1 
and -1 voted characterize people satisfied with the environment. Nowadays, the computer programs, like 
Envi-Met, can facilitate to calculate the PMV value [13].  
4.3. Simulation Result 
The result as shown in figure 3 and figure 4, PMV values on October is about -0.04 to +5 that are 
mean the average condition was uncomfortable tends to be very hot. The best PMV level is -0.39 at 
07.00. The comfortable value occurs at 06.00 to 08.00, which the value of PMV is between -0.04 to 
+0.47. Figure 4 showed that at 06.00 to 08.00, the temperatures are still low in about 22 ºC. It is difficult 
to achieve the comfort after 08.00 when the temperature is getting hotter and wind speed is steady. 
Uncomfortable condition occurs at 13.00 when the PMV value is 5  at that time, the temperature shows 
in 31.74 ºC. PMV value starts to decline after 14.00.  
On February, PMV value is better than on October because the average wind speed is faster and the 
temperature is lower than on October. Figure 3 shows that comfortable condition on February occurs at 
06.00 to 08.00, same as on October. The PMV value on February is the same pattern as that on October.  
Uncomfortable condition occurs after 08.00 hour and decreases after 14.00 hour.  
 
 
 
 
 
 
764   Beta Paramita and M. Donny Koerniawan /  Procedia Environmental Sciences  17 ( 2013 )  757 – 766 
Wind speed on February and October is steady from 06.00 to 18.00 (see fig. 4). On February wind 
speed is faster than on that October. The temperature is worst on October, which can reach 31.74 º C at 
14.00.   
The wide range of microclimatic conditions in the building model strengthens the point that a purely
physiological approach is inadequate to characterize thermal comfort conditions in outdoors.
06.00 07.00 08.00 09.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00
February -0.79 -0.39 0.47 1.01 1.59 3.03 3.53 3.91 2.43 2.28 2.01 1.46 0.24
October -0.04 0.47 1.34 2.23 2.93 4.51 4.74 5.00 3.89 3.70 3.26 2.12 1.24
-2.00
-1.00
0.00
1.00
2.00
3.00
4.00
5.00
6.00
Fig. 3. PMV (Predicted Mean Voted) Values of Simulation on February and October
Fig. 4. Temperature and Wind Speed Values of Simulation on February and October
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5. Conclusion  
Solar Envelope is possible to be used as a guideline of building form and mass, which is 
accommodated with the physical environment aspect (needs of daylight). Solar Envelope can be used to 
ensure access to sun for building, street and open space between buildings. 
In the other hand, in tropical regions, such as Bandung, Indonesia with daylight almost available in a 
year, to use the Solar Envelope should be with care. The evaluation here presents how difficult to achieve 
thermal comfort is in coldest month and hottest month; with the objective of testing the PMV, we can 
notice the importance of this research, comprehending observations and measurements that when 
correlated, those may lead to the quality analysis of the thermal comfort conditions of the urban space.  
The microclimate simulation ENVI-met can be used to estimate the effect of changing climate 
conditions on the human thermal comfort within open spaces. 
 
6. Limitation and Recommendation  
The relation between BC, FAR and height in this research can only be used on the site with the same 
direction; therefore, this research is going to continue to make modeling for every possibility of direction 
of the site. For recommendation, this research will be completed into other physical aspects, such as 
temperature, daylight factor and wind movement, for urban ventilation to optimize the physical 
environment aspect of urban form and mass on the site.     
This study is part of the large ongoing Urban Microclimate Space and Urban Form doctoral research 
that aims to investigate the influence on the microclimate on how reforming urban form. The project is in 
its early stage and more studies will be performed within the framework of the project. 
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